I. INTRODUCTION
High-K(ϭ ͚ i ⍀ i ) isomers in the Hf-W-Os nuclei with A Ϸ180 arise due to the presence of many high-j and high-⍀ orbitals near the Fermi surface ͓1͔. For these axially deformed nuclei, the projection of the total angular momentum onto the nuclear symmetry axis K is approximately conserved. Consequently, the K selection rule governs the decay of the K isomers so that transitions from high-K to low-K bands are strongly hindered. These transitions, in practice, can proceed by admixture of K values. In rotating nuclei, the Coriolis interaction changes the spin orientation to lead to a ⌬KϭϮ1 mixing. On the other hand, shape fluctuations towards ␥ deformation can couple states with K quantum numbers differing by two units (⌬KϭϮ2 mixing͒. In this context, of special interest have been the surprisingly low hindrances for the very large ⌬K transitions ͓2-4͔. So far, different mechanisms including Fermi-aligned Coriolis K mixing ͓3,5-7͔, ␥ tunneling through the potential barrier ͓2,4,8,9͔, and the statistical K mixing due to high level density ͓10͔ have been proposed for these transitions.
The hindrance factors per degree of K forbiddenness in the decay of highly excited K isomers in the heavier osmium (Zϭ76) isotopes ͓2,11,12͔ are typically much smaller than those observed in the hafnium isomers (Zϭ72) ͓13͔. With the increased number of protons, the nuclear shapes become softer towards ␥ distortion. Furthermore, it is reported that the triaxial shapes appear at high spins in 184, 186 Os ͓14,15͔. Therefore, the ␥-deformation degree of freedom, which introduces a substantial K mixing as stated above, is expected to play an important role in the reduction of the K conservation in the heavier osmium nuclei.
Prior to the present study, a 20-ns K ϭ10 ϩ isomer was known in 184 Os ͓2͔. A recent study also revealed detailed level structure especially for high-spin positive parity states in this nucleus ͓14͔. Although there are predictions ͓14͔ that negative parity intrinsic states based on multiquasiparticle excitations are near the yrast line, less experimental evidence is available for such states. In this paper, we report on new negative parity states including K ϭ9 Ϫ and (13 Ϫ ) bands, a 48-ns four-quasiparticle high-K isomer, and higher-seniority states.
II. EXPERIMENTS
High-spin states in 184 Os (5n exit channel͒. Nine Comptonsuppressed HP-Ge detectors, placed at 37°͑two detectors͒, 79°͑2͒, 101°͑2͒, and 143°͑3͒ with respect to the beam axis, were used to detect in-beam ␥ rays. In addition, one LEP detector at the angle of 79°was employed to increase detection efficiency for low-energy photons. A total of 2ϫ10 8 correlated ␥-␥-time events within 200 ns were collected. A complementary data set was obtained at the Japan Atomic Energy Research Institute ͑JAERI͒. The same reaction described above was used. 12 Compton suppressed HP-Ge detectors placed at angles of 32°͑two detectors͒, 58°͑2͒, 90°͑ 4͒, 122°͑2͒, and 148°͑2͒ were used to collect approximately 1ϫ10 8 ␥-␥ coincidence events. Both the data were separately sorted into two-dimensional ␥-␥ matrices. For analysis of isomers, ␥-␥ matrices with different time conditions were also created.
In order to determine transition multipole orders ͑dipole or quadrupole͒, DCO ͑directional angular correlation from oriented states͒ ratios ͓16,17͔ were extracted from the TSUKUBA data set. Here, the ratios are defined as R DCO ϭ I ␥ at 37°͑or 143°͒ gated on ␥ G at 79°͑or 101°͒ I ␥ at 79°͑or 101°͒ gated on ␥ G at 37°͑or 143°͒ .
III. RESULTS
Since a detailed study of 184 Os has recently been published ͓14͔, here the focus is on additional negative parity states that we found. Figure 1 shows the proposed partial level scheme resulting from the present work. Newly observed bands are labeled as band I and band II instead of the deduced K values. Note that the placement of 180, 231, 421, 580, 661, and 669 keV transitions are different from that of Ref. ͓14͔. The ground state band, and the K ϭ10 ϩ band based on the ͕9/2 ϩ ͓624͔11/2 ϩ ͓615͔͖ two-quasiparticle configuration were known up to high spins ͓2,14,18͔, but only the lower-spin members concerning the decay of a new isomer observed in this work are shown. The levels in ␥ octupole bands K ϭ5 Ϫ and 6 Ϫ two-quasiparticle states were also previously known ͓2,14͔. The two K ϭ8 Ϫ bands based on the ͕9/2 ϩ ͓624͔7/2 Ϫ ͓503͔͖ (8 1 Ϫ band͒ and ͕9/2 ϩ ͓624͔7/2 Ϫ ͓514͔͖ (8 2 Ϫ band͒ two-quasiparticle configurations are confirmed and extended to higher spins from those reported in the previous work ͓14͔. Table I isomeric level. As discussed in Sec. III C, the spin and parity of (18 Ϫ ) are assigned for the isomer. Above this isomer, several transitions have been observed as seen in Fig. 2͑c͒ .
For determination of the half-life of the isomer, ␥-ray time difference spectra ͑Fig. 3͒ between the transitions above and below the isomer have been analyzed. By fitting the decay slope, T 1/2 ϭ48Ϯ5 ns has been obtained for the isomer. The levels above the isomer have no measurable halflives. We, therefore, took T 1/2 р3 ns for these levels, as a limit of the present detection system.
C. Band II
The 4756 keV isomer also decays into a 4202 keV level by a 554 keV transition. This transition is in coincidence with 180, 231, 336, 798, 1007, and 1025 keV transitions seen in Fig. 2͑b͒, populating 
IV. DISCUSSION

A. Rotational alignments
The magnitude of rotational alignments for multiquasiparticle bands depend on the alignments of constituent quasiparticles in the configuration, e.g., for bands which involve i 13/2 neutrons and/or h 9/2 protons, large rotational alignments are expected due to the strong Coriolis interaction on these quasiparticles ͑see, e.g., Ref. ͓19͔͒. It can, therefore, be used to deduce quasiparticle configurations for rotational bands. In the cranked shell model ͓20͔ rotational alignments can be obtained by subtracting the aligned angular momentum of the reference configuration from the total aligned angular momentum I x ͓ϭͱI(Iϩ1)ϪK 2 ͔. In Fig. 4 , the rotational alignments for the negative parity bands observed in 184 Os are shown as a function of the rotational frequencies ប given in units of keV. The Harris parameters used are I 0 ϭ26 MeV Ϫ1 ប 2 and I 1 ϭ65 MeV Ϫ3 ប 4 taken from Ref. ͓14͔.
In the calculation, we assume the K values fixed to the bandhead spins ͑see also Sec. IV C͒. The K ϭ6 Ϫ , 8 1 Ϫ , and 8 2 Ϫ bands show alignments of about 2ប consistent with the previous configuration assignments ͓14͔, including one aligned i 13/2 quasineutron. The alignment for band I is similar to those for the K ϭ8 1 Ϫ and 8 2 Ϫ bands, indicating the presence of an i 13/2 quasineutron involved in the configuration. As discussed in Sec. IV C 2, a large alignment of ϳ5ប for band II is due to the presence of three highly aligned i 13/2 and h 9/2 quasiparticles in the configuration.
B. g K factors
Intensity ratios of E2 crossover to M 1(ϩE2) cascade transitions in a band can be used to deduce g K factors within the rotational model ͓21͔. Experimental ͉g K Ϫg R ͉ values were obtained from the rotational expressions ͓19͔. The values listed in Table II have been extracted with the assumption that K is equal to the band-head spin and the quadrupole moment of Q 0 ϭ5.67 e b taken from Ref.
͓2͔.
The calculated g K factors ͓22͔ can be obtained in the semiclassical model ͓23͔ by the equation
where g K j is the gyromagnetic factor of the jth quasiparticle, i j the aligned angular momentum, K j the angular momentum projection on the deformation axis, and Kϭ ͚ j K j . The first term represents the usual expression of (g K Ϫg R ) in the strong coupling limit, while the second term is due to the Coriolis effects which are important for configurations involving i 13/2 neutrons and/or h 9/2 protons in the present case. The i j values were taken from the known one-quasiparticle bands of the neighboring odd-A nuclei. 
Band I
The band-head spin and parity for band I are K ϭ9 Ϫ . A favored K ϭ9 Ϫ state with ͕7/2 Ϫ ͓514͔ 11/2 ϩ ͓615͔͖ is predicted at 2385 keV close to the I ϭ9 Ϫ state of band I ͑2301 keV͒. The alignment of about 2ប extracted for this band ͑see Fig. 4͒ supports the above configuration that involves an aligned i 13/2 neutron. However, the experimental small ͉g K Ϫg R ͉ value of 0.04Ϯ0.02 is not consistent with the predicted value of (g K cal Ϫg R )ϭϪ0.27 for the proposed configuration. A plausible explanation is that this is due to mixing with a K ϭ8 Ϫ ͕5/2 ϩ ͓402͔11/2 Ϫ ͓505͔͖ two-quasiparticle proton band which is predicted ͓14͔ at 2490 keV near the K ϭ9 Ϫ state. Since the large
.3͒ is expected for the K ϭ8 Ϫ ͕5/2 ϩ ͓402͔11/2 Ϫ ͓505͔͖ band, about 20 % mixing into the K ϭ9 Ϫ band would be enough to reproduced the weak ⌬Iϭ1 transitions.
Band II
The spins and parities for the 3728 and 3792 keV states connected by the unobserved 63 keV transition were assigned as (13 Ϫ ) and (14 Ϫ ) in Sec. III C. Since the upper limit of the half-life (T 1/2 р3 ns) for the 3792 keV level is not conclusive for proving its intrinsic or collective character, possible configurations with K ϭ13 Ϫ or 14 Ϫ states are discussed below.
In the multiquasiparticle calculations ͓14͔, the K Os ͓12͔. The large alignment of iϳ5ប as shown in Fig. 4 also support the K ϭ13 Ϫ configuration including aligned i 13/2 and h 9/2 orbitals. Os and ⌬EϭϪ331 keV for 186 Os. Several levels are placed above the K ϭ(18 Ϫ ) isomer, but no well-defined rotational structure can be seen. In the multiquasiparticle calculations ͓14͔, six-quasiparticle states of K ϭ 22
at E x ϭ6278 keV are predicted as favored configurations. The I ϭ(22 Ϫ ) state at E x ϭ6339 keV and the Iϭ(23) state at E x ϭ6797 keV could correspond to the predicted K ϭ22 Ϫ and 23 Ϫ states. The level structure will be further discussed in Sec. IV E in relation to triaxiality of nuclear shapes. The proposed configurations for the negative parity states in 184 Os are summarized in Table IV .
D. K-forbidden transitions
The 289, 554, and 634 keV transitions depopulating the K ϭ(18 Ϫ ) isomer are K forbidden, i.e., the changes in the K quantum numbers are greater than the transition multipole orders ⌬KϾ. band. This is possibly due to the ␥ softness expected in the heavier osmium nuclei ͓2͔, or K mixing by high level density discussed below. Walker et al. have analyzed decay rates of high-K isomers in terms of statistical K mixing which depends on the density of states ͓10͔. States with lower-K values are assumed to be mixed and introduce low-K components into the isomeric state. The systematics reveal a striking correlation between the f values and the excitation energies of K isomers (E K ), relative to the energy of a rigid rotor ͓E R ϭ(ប 2 /2I)I(Iϩ1) with the moment of inertia I of a rigid rotor͔ in the K-forbidden transitions from four-to two-quasiparticle states. In the density-of-states estimate the f value can be obtained as
where F is a constant for a given value of and A is the mass number. The reduced hindrance factors decline depending on the relative excitation energies of the isomers. Using the same prescription as in Ref. 
E. Potential-energy-surface calculations
Configuration-constrained potential-energy-surface ͑PES͒ calculations were performed for the positive parity states in 184 Os ͓14͔, where the nuclear potential was calculated using the Lipkin-Nogami formalism of pairing with a WoodsSaxon potential as described by Xu et al. ͓28͔ . While the ground state and the K ϭ10 ϩ state have axially symmetric shapes (␤ 2 Ϸ0.19 and ͉␥͉Ϸ0°), the K ϭ21 ϩ state is predicted to have a triaxial deformation with ␤ 2 ϭ0.20 and ͉␥͉ ϭ11°͓14͔.
In the present study, the shape evolution for the negative parity states in 184 Os has been investigated using the same configuration-constrained PES calculation code. As shown in Fig. 5 Os ͓14͔ and 186 Os ͓15͔. Although the triaxial shapes are predicted to appear at low energy for the negative parity states in 184 Os, the effect of the triaxiality on the level structure remains to be clarified due to lack of the experimental information. Further investigation is certainly needed.
V. SUMMARY
We have newly observed negative parity levels consisting of K ϭ9 Ϫ and (13 Ϫ ) bands as well as a 48-ns K ϭ(18 Ϫ ) isomer. The quasiparticle configurations for these states were assigned by comparison with multiquasiparticle calculations. The K ϭ(18 Ϫ ) isomer decays with large K changes (K у5), resulting in the relatively long half-life. However, the low hindrances ( f ) for the isomeric transitions are interpreted as being due to K mixing from a combination of ␥ softness and high level density. 
